The fovea is a tiny indentation on the retina and is responsible for the high definition visual acuity of only one to two degrees. Outside the fovea visual acuity drops off dramatically from the centre of focus.
When we try to understand a scene we fixate our eyes on particular areas and move between them. The dynamics of eye movements are complex and saccadic eye movements are most important to consider when studying visual search. The objective of a saccade is to foveate a particular area of interest in a search scene. Eye tracking is the process of recording saccades and determining fixations.
To create a framework for effectively enhancing monoscopic depth perception by the introduction of digitally enhanced shadow within the operative field.
Monoscopic

Monoscopic Depth Perception Depth Perception
With the loss of binocular vision, the brain can still recreate the 3D world using a number of monoscopic/pictorial cues such as:
Linear perspective, size familiarity, object overlapping, texture gradient and shadow position.
In MIS, all of these cues enhance the surgeon's monoscopic field of view except shadow which is absent due to the coaxial arrangement of the light source around the camera [1].
In our study, a secondary light source was introduced above and away from the endoscope in a simulated operative field casting a barely visible shadow within it. Using recorded video derived from the endoscopic camera, this weak shadow was detected [2] and digitally enhanced as shown in the following diagram:
To assess whether the digital shadow enhancement improved depth perception, 36 digital stills of enhanced and unenhanced images of a laparoscopic instrument over a phantom surface were shown to 10 volunteers. They were asked to estimate the vertical distance from the tool-tip to the surface.
In order to objectively assess how shadow enhancement affected these estimates, eye movements during the experiment were recorded using a Tobii ET1750 eye tracker [3] .
The images below show the result of digital shadow enhancement. The top row represents the input images and the bottom row the output images of the algorithm. Note the 5cm scaling aid to left of each image which was used to familiarise the subjects with the level of magnification Bar charts comparing the mean distance difference from reality perceived for raw and shadow enhanced images for each of the 10 subjects studied when the distance between the tool tip and tissue surface was set within 1cm (t-test p=0.020 ).
An eye-gaze path demonstrating the fixations recorded during the experiment. The effect of the "invisible shadow" enhancement to the accuracy of perceived tissue-instrument distance can be clearly demonstrated as subjects cued on the tip of the shadow before estimating the depth.
A new framework for improving monoscopic depth perception by the digital enhancement of a weak shadow has been developed. This digitally enhanced shadow has been shown to significantly improve depth perception in a simulated laparoscopic environment.
This method can provide a cost effective solution for enhancing the surgeon's depth of view of the operative field facilitating operative precision and minimising unnecessary trauma.
